INTRODUCTION Percutaneous cholecystostomy tube drainage has played a vital role in management of cholecystitis in patients where surgery is not appropriate. However, management differs from unit to unit and even between different consultants in the same unit. We conducted this systematic review to understand which of these resulted in the best patient outcomes. METHODS We conducted a systematic review using the PubMed database for publication between January 2006 to December 2016. Keyword variants of 'cholecystostomy' and 'cholecystitis' were combined to identify potential relevant papers for inclusion. FINDINGS We identified 46 studies comprising a total of 312,085 patients from 20 different countries. These papers were reviewed, critically appraised and summarised in table format. Percutaneous cholecystostomy tube drainage is an important treatment modality with an excellent safety profile. It has been used successfully both as a definitive procedure and as a bridge to surgery. There continues to be great variation, however, when it comes to the indications, timing and management of these drains. As far as we are aware, this is the only systematic review to cover the past 10 years. It provides a much-needed update, considering all the technological development and new treatment options in laparoscopic surgery and interventional radiology.
Introduction
Cholecystitis is one of the most common reasons for emergency surgical admission. The majority of patients are treated with antibiotics and laparoscopic cholecystectomy is performed either as an emergency (hot cholecystectomy) or as a delayed interval procedure.
Some patients are high risk for surgery and fail to respond to medical treatment, resulting in rapid clinical deterioration and uncontrolled sepsis. For this group, percutaneous cholecystostomy (PCT) is a very attractive treatment option to drain the source of sepsis and stabilise the patient in the acute setting. PCT has also been used successfully as a bridge to surgery in patients who are too acutely unwell to undergo emergency laparoscopic surgery but may be suitable for a delayed elective procedure should they survive the acute septic episode.
The role of PCT has continued to change over the years, particularly with acute gallbladder surgery becoming a more acceptable and appealing treatment option. On reviewing the literature, it is apparent that there is great variation and contrast across the board in the way PCT is employed. We conducted this review to identify different management practices and interesting strategies over past decade.
Methods
We conducted an electronic PubMed database search from January 2006 to December 2016 using the following keywords: cholecystostomy, biliary drain, gallbladder drain, cholecystitis, PCT, percutaneous cholecystostomy. We excluded non-English studies case reports, case series with less than 20 patients, surgical cholecystostomy studies, gallbladder aspiration studies and non-human studies. The reference lists from the resulting studies were also reviewed and all relevant papers were added on and included in our systematic review.
Results
After identifying all relevant studies from the PubMed search, reviewing the reference lists and carrying out all the necessary exclusions 46 studies remained. These comprised a total of 312,085 patients from 20 different countries. These papers were reviewed and critically appraised by the authors (Tables 1-3) . 
Discussion
All the studies in our review were observational; only two were prospective studies and the remaining 44 were retrospective case series, the largest of which was from San Diego, California, and contained 306,747 cholecystostomy patients. There were no randomised controlled trials within our search period. The study population in our review ranged in age from 21 to 99 years, with a higher proportion of females than males (overall combined female patient percentage 57.9%). The vast majority of these patients were classed as American Society of Anesthesiologists physical status classification III or higher, and the incidence of acalculous cholecystitis was reported as ranging from 1.6% to 52% (Table 1) . After reviewing all the papers, the authors considered that the key focus points for the discussion should be centred around the indications for emergency PCT insertion, the long-term role of PCT in the management of cholecystitis, the safety profile, the timing of PCT placement, its removal and subsequent cholecystectomy. These aspects are discussed in detail below.
Indications
In patients who were deemed to be high risk for surgical intervention either due to pre-existing comorbidity or acute illness, the indications for PCT placement were listed as: The most common cause for PCT placement in our review was failure to respond to medical treatment with intravenous antibiotics, but there was no consensus regarding the exact duration of antibiotic treatment between these publications.
Long term role of PCT
PCT has been successfully used as definitive treatment in patients with acalculous cholecystitis, 23, 39 and also in patients with calculous cholecystitis who are not fit for surgery because of irreversible pre-existing comorbidities and high anaesthesia risk. 16, 34 In the latter group, it is worthwhile performing a tube cholangiogram and clearing the common bile and cystic ducts prior to drain removal, as this has been associated with low recurrence rates in a number of studies (range 3.7-23.7%). 7, 10, 17, 43 In fact, Wang et al. 43 did not consider PCT treatment to be successful unless the cystic duct was patent and they were able to remove the drain. In their study, PCT drains were Table 3 Surgical data. temporarily clamped after resolution of the cholecystitis episode to check for recurrence of biliary symptoms and a formal cholangiography was performed to check that the cystic duct was clear. They would only consider removing a PCT if both tests were completed successfully, as they considered that a clear duct indicated a low risk of recurrence. 43 Alternatively, if a patient failed the above mentioned assessments, the risk of recurrence was expected to be high and the biliary drain was left in place. In these patients, currently, there is no established interventional option for clearance of the cystic duct; however, there have been some promising case series published on percutaneous cystic duct stenting, which has been employed successfully in management of benign gallbladder disease. Stent migration, unfortunately, still remains a problem but with further development and experience, percutaneous cystic duct stenting may very well have a role to play. 47, 48 PCT has also been employed as a bridge to surgery in patients who are too acutely unwell or haemodynamically unstable to undergo acute gallbladder surgery, but who may have subsequent surgery should they survive the acute septic episode.
14 In these patients, early introduction of PCT may allow for easier and significantly shorter subsequent surgery.
14,45
Timing of PCT placement, removal and subsequent cholecystectomy
One of the interesting points we identified in our review that needs further clarification was regarding the optimal timing of PCT insertion. There is no consensus and great variation in the literature when it comes to the optimal Figure 1 Proposed management pathway for acute cholecystitis timing for drainage, ranging from 6 hours to 77 days in various studies, due to contrasting local management practices.
Several authors have suggested that early PCT drainage not only reduces length of hospital stay but will halt the progression of the inflammatory process. 12 This prevents the formation of adhesions, severe fibrosis and the destruction of anatomical tissue planes, which can make subsequent gallbladder surgery a challenging and at times dangerous endeavour. 14, 45 From the available literature, it does seem that the answer to this question is 'as soon as possible'. At the time of subsequent cholecystectomy, Bickel et al. 6 reported lower rates of conversion to open surgery in their early PCT group when compared with the delayed PCT group (8.3% vs 33.3%, P = 0.09). They also noticed a considerable difference in the level of intraoperative adhesions (25% vs 57%, P = 0.064) and fibrosis (17% vs 53.3%, P = 0,03). 6 It is obvious that a structured universal approach is lacking when it comes to the timing of PCT insertion, although one is indeed needed. In its absence, we recommend setting a clear early point at which to review the efficiency of antibiotics therapy and then promptly introduce a PCT if needed. Chok et al.
11 suggested that this check should be after three to four intravenous antibiotic doses.
Another aspect of PCT management that has been frequently debated is regarding the timing of surgery following PCT insertion. This was examined by a number of studies in our review but none found any significant difference in conversion rates or operative complications. 20, 26 Lung et al. 20 compared operative data between patients who had laparoscopic cholecystectomy early (less than 10 days) and late (10 days or longer) after PCT. They found no statistical difference when comparing mean operative time (102.6 ± 49.0 minutes vs 94.9 ± 39.9 minutes, P = 0.459), conversion rates (33.3% vs 25%, P = 0.435) and postoperative morbidity (6.7% vs 13.6%, P = 0.343). 20 
Safety profile
With increasing experience and continued technological development, PCT has become a routine procedure with an excellent safety profile. PCT was completed without incident in a large number of papers in our review. Major PCT-related complications were extremely rare and the majority of patients who deteriorated did so as a result of their pre-existing comorbidities rather than the PCT itself.
The most frequently reported PCT related complications were drain dislodgment (range 7.2-29.6%), 35, 36 minor bleeding (range 2.4-7.2%), 12, 17 minor bile leak (range 1.1-10.4%) 21, 25 and tube blockage (range 0.6-7%). 18, 34 These were all classed as minor complications and were managed conservatively in the majority of patients, with tube replacement in some cases of blockage and dislodgement. In our systematic review of 312,085 patients, only four PCT-related mortalities were reported (overall combined PCT mortality 0.001%). One patient suffered a myocardial infarction during drain insertion. 37 and The other three deaths were due to bleeding, two of these had refused blood products and further intervention to arrest the bleeding.
11,18,38

Conclusion
PCT is an efficient treatment modality for severe cholecystitis that is unresponsive to antibiotic treatment in a selected group of patients. It has an excellent safety profile and it can be used both as a bridge to surgery as well as a definitive treatment option. There is great variation in local management protocols in the literature and these need to be considered carefully and consolidated to ensure optimal treatment results and benefits for these patients. The authors would suggest a multidisciplinary approach involving surgeons, interventional radiologists and endoscopists collaborating to agree a clear local treatment pathway for these difficult conditions. Figure 1 outlines our proposed management pathway for this condition.
